Uniform MgO-doped near-stoichiometric LiNbO 3 was successfully grown from Li-rich melts by a melt supplying technique. Periodically poled domains were demonstrated in MgO-doped near-stoichiometric LiNbO 3 wafers. Efficient quasi-phase-matched difference frequency generation was achieved in a titanium-diffusion waveguide based on periodically poled MgO-doped near-stoichiometric LiNbO 3 . The conversion efficiency was −7.3 dB with a pump power of 150 mW and a signal power of 50 mW at room temperature. It was found that the 3 dB signal conversion bandwidth was as large as 78 nm. Photorefractive damage of the device was examined by pump-probe second-harmonic generation at room temperature, and the device exhibited no significant wavelength shift. [4] [5] [6] . Based on the substrate crystal produced by the above methods, a few exciting results about the study of periodically poled (PP) MgSLN were reported. A PPMgSLN device for nanosecond optical parametric generation with a slope efficiency of 37% has been reported [7] . With limited fundamental power, the efficiency could be increased by increasing the interaction length or reducing the effective beam area. It is well known that performing optical frequency mixing in a waveguide allowed the combination of a small effective beam area with a large interaction length.
Wavelength converters using quasi-phase-matched (QPM) LiNbO 3 waveguides are recognized as key devices for future wavelength division multiplexing (WDM) systems. These converters offer several distinct advantages such as the simultaneous conversion of WDM channels, a large signal bandwidth, and transparency with regard to modulation format. Among the several ferroelectric crystals used, LiNbO 3 is the most promising candidate for QPM devices because of its outstanding nonlinear optical properties. Among various types of LiNbO 3 crystal, highly Mg-doped LiNbO 3 (MgLN) is known to be more resistant to photorefractive damage than congruent LiNbO 3 (LN). However, unexpected leakage current and the strong effect of domain widening out of the electrode area impose limitations on the period of short-pitch domain inversion patterns [1] . MgOdoped near-stoichiometric LiNbO 3 crystals (MgSLN) have advantages including low dopant content, high damage threshold [2] , and a poling field for ferroelectric domain inversion can be decreased significantly as well [3] .
Much effort has been made to prepare MgSLN crystals [4] [5] [6] . Based on the substrate crystal produced by the above methods, a few exciting results about the study of periodically poled (PP) MgSLN were reported. A PPMgSLN device for nanosecond optical parametric generation with a slope efficiency of 37% has been reported [7] . With limited fundamental power, the efficiency could be increased by increasing the interaction length or reducing the effective beam area. It is well known that performing optical frequency mixing in a waveguide allowed the combination of a small effective beam area with a large interaction length.
We prepared the MgSLN crystals from Li-rich melts by the melt-supplying technique. A QPM Ti diffusion waveguide in PPMgSLN is fabricated for the first time, to the best of our knowledge, and the wavelength-conversion properties based on the QPM difference frequency generation (DFG) in the waveguide are examined at room temperature. In addition, photorefractive damage is examined by pumpprobe second-harmonic generation (SHG) at room temperature.
The raw materials used for crystal growth were prepared from a mixture of powders of MgO, Li 2 CO 3 , and Nb 2 O 5 with a purity of 99.99%. The powders were pressed into plates and sintered at a temperature of 1100°C in air for 24 h to synthesize polycrystalline compounds. The growth crucible was filled with Li-rich melt ͓͑Li͔ / ͓Nb͔ =56/44͒ doped with 1.5 mol. % MgO; the melt-supplying crucible was filled with a stoichiometric melt ͓͑Li͔ / ͓Nb͔ =50/50͒ doped with 1.5 mol. % MgO. The Z-axis seed crystal was rotated at 10-30 rpm. Both the pulling rate of the crystal and the lowering rate of the mold were 0.2-1.5 mm/ h. Details of the growth technique are described elsewhere [8] . Z-cut 1-mm-thick wafers were cut from the top and bottom parts of each asgrown boule, respectively. After polishing, the Z-cut wafers were characterized by a Shimadzu UV-2501 UV-visible spectrophotometer. MgO concentration also influenced the UV absorption edge of the crystal as did the Li:Nb ratio [9] . In the crystal sample, the UV edge was 301.8 nm at an absorption coefficient of 15 cm −1 , which was shorter than that of stoichiometric lithium niobate; the discrepancy between the UV edge of the top part and that of the bottom part was only 0.1 nm, as shown in Fig. 1 . Therefore, the composition of the boule was quite uniform.
The wafers were cut from 1-mm-thick, 40 mm ϫ 6 mm MgSLN crystals as the substrates. To erase the influence of high temperature for the PPMgSLN structures, we fabricated the Ti diffusion waveguide first and then prepared a domain-inverted structure. We fabricated Ti-diffused MgSLN waveguides for the 1550 nm band by using sputtered Ti as the diffusion source. A Ti film of ϳ0.1 m thickness was deposited on the +Z surface of LiNbO 3 crystal by RF sputtering and patterned into 6.5-m-wide channels by a con-ventional photolithography technique. Ti diffusion was carried out at 1049°C in an O 2 -H 2 O gas mixture. Wet oxygen flowed through the quartz tube; the flow of oxygen was 2.4 l / min, and the total gas pressure was 1 atm. The wafers were placed on a support made of platinum and annealed for 8 -10 h. Formation of PP domain inversion structures is the key step of the device fabrication. PPMgSLN was performed on the substrates using the voltage pulse application technique [3] . A domain grating period of 16 ϳ 18 m in PPMgSLN permitted the QPM SHG to have fundamental wavelengths of ϳ1550 nm at room temperature. Figure 2 is a photograph of the +Z surface of the fabricated Ti-diffused PPMgSLN (Ti:PPMgSLN) waveguides following 5 min of etching.
The experimental setup is shown schematically in Fig. 3 . The pump laser was a cw Ti:sapphire laser that was tunable from 700 to 870 nm with an output power of several hundred milliwatts. The signal laser was a Yb:YAG laser pumped Cr:YAG that was tunable from 1400 to 1700 nm with a maximum output power of more than 100 mW. We performed multichannel wavelength conversion with a coupled pump, and the signal power is 150 and 50 mW, respectively. The optical spectrum at the Ti:PPMgSLN waveguide output is shown in Fig. 4 . The signal wavelength is tuned at 1550 nm. The pump wavelength is chosen at 770 nm to meet the QPM condition for the DFG process. As shown in Fig. 4 , the wavelength of DFG was obtained to be 1530 nm. The QPM period of the Ti:PPMgSLN was 17.5 m, and the waveguide loss was determined to be 0.12 dB/ cm at 1550 nm wavelength for a device with a 40 mm interaction length. The power difference between the 1550 nm signal and the 1530 nm conversion signal at the output of the Ti:PPSMgLN waveguide is the conversion efficiency. For a 770 nm input pump power of 150 mW, a conversion efficiency of −7.3 dB was achieved, which is two times higher than for the Ti:PPLN channel waveguide [10] .
The wavelength tunability of the converted DF wave was measured by changing the signal wavelength, whereas the power and wavelength of pump light were fixed at room temperature. For this measurement, the signal wavelength was tuned from 1500 to 1590 nm. The relation between the conversion efficiency and the signal wavelength is exhibited in Fig. 5 , where the solid curve was calculated according to Ref. [11] (sample length L, 40 mm; d eff , 15 pm/ V; effective channel waveguide cross section, 30 m 2 ; and the Sellmeier equation from Ref. [12] ). As shown in Fig. 5 , the 3 dB conversion bandwidth is as large as 78 nm, and this broadband conversion property is important in telecommunication networks.
The photorefractive effect of the device was characterized by measuring the change in the SHG tuning curve of the signal light of 1550 nm caused by the 780 nm of irradiated light. The spectrum of the SHG from the signal light was monitored by use of a spectrum analyzer having a spectrum resolution of Note that, strictly speaking, the measured output spectra contain not only the SHG but also a sum-frequency generation (SFG) that is due to the usage of a broadband signal light source. However, since the QPM condition for SHG and SFG are almost identical in the measured wavelength range, the SFG and SHG signals identically overlap. The measured spectrum can be considered as the SHG signal itself. The peak wavelength shift of the SHG as a function of irradiation time is shown in Fig. 6 . As shown in Fig. 6 , at room temperature each sample exhibited a QPM wavelength shift and was then saturated for longer irradiation times. The wavelength shifts of the device made of 5 mol. % MgO-doped LiNbO 3 ͑QPM-MgLN͒ and congruent LiNbO 3 ͑QPM-LN͒ devices are 0.8 and 4.1 nm, respectively. In contrast, the QPM-MgSLN device shows a wavelength shift as small as 0.2 nm.
In conclusion, MgSLN crystals doped with 1.5 mol. % MgO were successfully grown from Li-rich melts by the melt supplying technique. The compositional uniformity of as-grown crystal was excellent, concluded from the test results of the UV absorption edge method. An efficient wavelength conversion device that uses a titanium-diffused waveguide in PPMgSLN has been demonstrated. The wavelength conversion efficiency was approximately −7.3 dB with a pump power of 150 mW and a signal power of 50 mW at room temperature. An approximately 78 nm conversion bandwidth was achieved, with the conversion efficiency maintaining a value within 3 dB. The characteristics of the Ti:PPMgSLN waveguide were tested by SHG; the study has revealed the potential for our device to operate at room temperature without exhibiting a significant wavelength shift caused by photorefractive damage. These results indicate that the use of a Ti:PPMgSLN waveguide could contribute appreciably to the development of practical wavelength converter devices suitable for telecom applications. 
